What is claimed is: 



1. A manufacturing method for a single crystal of calcium fluoride, having its optical 
properties improved tntough an annealing process comprising the steps of: 

providing a single crj^stal of calcium fluoride in a sealable container, sealing said 
container with a vacuum, then 

heating said container with ^Jieater arranged external to said container such that a 
temperature inside said container is raised to a first temperature, which is lower than a melting 
point of said single crystal of calcium fluorid^, 

maintaining the temperature inside said\ontainer at said first temperature for a 
designated period of time, 

lowering the temperature inside said containeiN^o room temperature, 

wherein, 

the first temperature is between 1020 °C to 1 150 



2. A manufacturing method according to claim 1, wherein the step of lowering the 
temperature comprises decreasing the temperature from said first temperature to room 
temperature at a rate of 2 °C/hour or less. 



temperature comprises 
temperature, which is in th6 
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3. A manufacturing method according to claim 1, wherein the step of lowering the 

decijeasing the temperature from said first temperature to a second 
range of around 600 °C to 900 °C , at a rate of 2 °C/hour or less. 
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4. A manufacturing method according/to claim 3, wherein the step of lowering the 
temperature comprises decreasing the tenroirature from said second temperature to room 

temperature at a rate of 5 °C/hour or less \ 

/ 



v 



5. A manufacturing method according to claim 1, wherein a single crystal of calcium 
fluoride with a diameter of 0 200 mm or grejater, which can be used in an optical system for 
photolithography, can be obtained. 



6. A manufacturing method according 
fluoride with a difference in the refractive 



t|o claim 5, wherein a single crystal of calcium 
An, equal to 2 x 10" 6 or less can be obtained. 



in( ex, 



7. A manufacturing method according td> claim 5, wherein a single crystal of calcium 
fluoride with a double refraction value, in a direction of the axis of light, of 2 nm/cm or less can 
be obtained. 

8. A manufacturing method according to llaim 5, wherein a single crystal of calcium 
fluoride with a double refraction value, in an off-axis direction perpendicular to the axis of light, 
of 5 nm/cm or less can be obtained. 



^9. A manufacturing method for a single crystal of calcium fluoride having its optical 
properties improved comprising the steps of: 

providing a single crystaKpf calcium fluoride and a fluorination agent in a second 
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container arranged in a sealable first container, sealing said first container with a vacuum, then 

heating said first container with a heater arranged external to said first container such that 
a temperature inside said second container is raised to a first temperature, which is lower than a 
melting point of saichiingle crystal of calcium fluoride, while said second container is filled with 
a fluorine gas atmosphere, x 

maintaining the temperattu^ inside said second container at the first temperature for a 
designated period of time, 

lowering the temperature inside said fh^t container and the temperature inside said 
second container to room temperature, 

opening the inside of said first container to a norih^l atmosphere, 

wherein, 

the first temperature is between 1020 °C and 1 150 °C. 



JO. A manufacturing method according to claim 9, wherein the step of lowering the 
temperature comprises decreasing the temperature from said first temperature to room 




temperature at a rate of 2 °C/hour or less. 

\ \ 

11. A manufacturing method according to claim 9, wherein the step of lowering the 
temperature comprises decreasing the temperature from said first temperature to a second 
temperature, which is in the tenge of around 600 °C to 900 °C , at a rate of 2 °C/hour or less. 



12. A manufacturing methocftaccording to claim 1 1, wherein the step of lowering the 
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temperature comprises decreasing th : 
temperature at a rate of 5 °C/hour or 



temperature from said second temperature to room 
less. 



13. A manufacturing method according to claim 9, wherein a single crystal of calcium 
fluoride with a diameter of 0 200 mm or greater, which can be used in an optical system for 
photolithography, can be obtained. 



14. A manufacturing method accoi 
fluoride with a difference in the 



ding to claim 13, wherein a single crystal of calcium 
refractive index, An, equal to 2 x 10"* or less can be obtained. 



15. A manufacturing method accoriing to claim 13, wherein a single crystal of calcium 



fluoride with a double refraction value, 



can be obtained. 



in the direction of the axis of light, of 2 nm/cm or less 



16. A manufacturing method according to claim 13, wherein a single crystal of calcium 
fluoride with a double refraction value, 4 the off-axis direction perpendicular to the axis of light, 
of 5 nm/cm or less can be obtained. 



17. \A single crystal of calcium fluoride for photolithography, having a wavelength of 250 nm 
or less, witha diameter ofa 200 mm or greater, with a double refraction value, in the direction of 
the axis of lighk that is 2 nm/cm^r leyQ. 
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18. A single crystal of calcium fluoride according to claim 17, wherein the double refraction 
value In the off-axis direction perpendicular to the axis of light is 5 nm/cm or less. 



19. A single crystal of calcium fluoride according to claims 17 or 18, wherein a difference in 



a refractive index\n, is 2 x 10" 6 or less. 



\ 



20. A manufacturing method for a single crystal of calcium fluoride, having its optical 
properties improved comprising the steps of 

providing a single crystal of calcium fluoride in a sealable container, sealing said 
container with a vacuum, then 

heating said container with a heater arranged external to said container such that a 
temperature inside said container is raised to a first temperature, which is lower than a melting 
point of said single crystal of calcium fluoride, 

maintaining the temperature inside said container at said first temperature for a 
designated period of time, 

lowering the temperature inside ^ud container to room temperature, 

wherein, 

a balance between an effect of improving the optical properties of said single crystal of 
calcium fluoride and the productivity, including delivery time and cost, is achieved, such that, 
during a high temperature range, the temperature i^lowered at a slow rate, and during a low 
temperature range that is lower than the high temperature range, the temperature is lowered faster 
as the temperature becomes lower. 
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21. A manufacturing method for a single crystal of calcium fluoride, having its optical 
p^>perties improved comprising the steps of: 

\ providing a single crystal of calcium fluoride in a sealable container, sealing said 
containe^with a vacuum, then 

heating said container with a heater arranged external to said container such that a 
temperature ii^ide said container is raised to a first temperature, which is lower than a melting 
point of said singtte crystal of calcium fluoride, 

maintaining tfte temperature inside said container at said first temperature for a 
designated period of time\ 

lowering the temperate inside said container to room temperature, 

wherein, 

said container is filled with arKinert gas, and the inside of said container is maintained at 
an atmosphere of approximately 1 atm s\ch that said single crystal of calcium fluoride is not 
oxidized. 



22. A manufacturing method for a single cryst^pf calcium fluoride having its optical 
properties improved comprising the steps of: 

providing a single crystal of calcium fluoride and aMuorination agent in a second 
container arranged in a sealable first container, sealing said firkxontainer with a vacuum, then 

heating said first container with a heater arranged external to said first container such that - 
the temperature inside said second container is raised to a first temperature, which is lower than a 
melting point of said single crystal of calcium fluoride, while said second container is filled with 
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a fluorine gas aftnosphere, 

maintaining^ temperature inside said second container at the first temperature for a 
designated period of tiri^e, 

lowering the temperature inside said second container to room temperature, and 

opening the inside of skid first container to a normal atmosphere, 

wherein, 

at a minimum, in order to prev^t oxidation of said single crystal of calcium fluoride 
during the process, the process is carried outs uch that said fluorination agent is vaporized and 
becomes a fluorine gas atmosphere inside of saio^econd container, while a pressure inside said 
first container is maintained at approximately 1 atm. 



23\ A manufacturing method for a single crystal of calcium fluoride having its optical 
\ properties improved comprising the steps of: 

maintaining said single crystal of calcium fluoride at a maximum first temperature which 
is within the range of 102Q °C to 1 150 °C, for a designated period of time, and 

lowering the temperature of said single crystal of calcium fluoride to a second 
temperature, which is in the Lige of around 600 °C to 900 °C, at a rate of 1.2 °C/hour or less. 

24. A manufacturing method according to claim 23, wherein the step of lowering the 
temperature comprises decreasing the temperature from said second temperature to a third 
temperature, which is in the rangebf around 400 °C to 600 °C, at a rate of 3 °C/hour or less. 
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25. A manufacturing method aco 
temperature comprises decreasing th< : 
temperature at a rate of 5 °C/hour or 



^rding to claim 24, wherein the step of lowering the 
temperature from said third temperature to room 
less. 



> 26. A manufacturing method for a 



single crystal of calcium fluoride, having its optical 



heating said container with a 



properties improved comprising the steps of: 

providing a single crystal of calcium fluoride in a sealable container, sealing said 
container with a vacuum, then 

heater arranged external to said container such that a 
temperature inside said container is raised to a first temperature, which is lower than a melting 
point of said single crystal of calcium fluoride, 

maintaining the temperature inside said container at the first temperature for a designated 
period of time, 

lowering the temperature inside said container to room temperature, 



wherein, 
the first temperature, which 



temperature, which is in the range of around 600 °C to 900 °C, at a rate of 1.2 °C/hour or less. 



27. A manufacturing method a< 
temperature comprises decreasing 
temperature, which is in the range 



is between 1020 °C and 1 150 °C, is lowered to a second 



ccording to claim 26, wherein the step of lowering the 
he temperature from said second temperature to a third 
around 400 °C to 600 °C, at a rate of 3 °C/hour or less. 
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28. A manufacturing method 
temperature comprises decreasing 
temperature at a rate of 5 °C/hou r 



! iccording to claim 27, wherein the step of lowering the 
the temperature from said third temperature to room 
or less. 



29. A manufacturing method a 
fluoride with a diameter of 0 230 



nun 



photolithography, can be obtained. 

30. A manufacturing method according 
fluoride with a difference in the refifactive 



31. A manufacturing method ao 



cording to claim 26, wherein a single crystal of calcium 
or greater, which can be used for the optical system for 



to claim 29, wherein a single crystal of calcium 
ive index, ^n, equal to 2 x 10* 6 or less can be obtained. 



xording to claim 29, wherein a single crystal of calcium 
fluoride with a double refraction valjue, in a direction of the axis of light, of 2 nm/cm or less can 
be obtained. 

32. A manufacturing method according to claim 29, wherein a single crystal of calcium 
fluoride with a double refraction value, in the off-axis direction perpendicular to the axis of light, 
of 5 nm/cm or less can be obtained. 



Uf 33 . A manufacturing method for A single crystal of calcium fluoride having its optical 

l 

properties improved comprising the steps of: 

providing a single crystal of calcium fluoride and a fluorination agent in a second 
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container arranged in a sealable first container, sealing said first container with a vacuum, then 

heatiri&said first container with a heater arranged external to said first container such that 
a temperature inskk^aid second container is raised to a first temperature, which is lower than a 
melting point of said siiwe crystal of calcium fluoride, while said second container is filled with 
a fluorine gas atmosphere, 

maintaining the temperature inside said second container at said first temperature for a 
designated period of time, 

lowering the temperature inside second container to room temperature, 

opening the inside of said first container to a normal atmosphere, 

wherein, 

the first temperature is between 1020 °C and h50 °C, and 
the temperature is decreased from said first temperature to a second temperature, which is 



fig in the range of around 600 to 900 °C, at a rate of 1.2 °C/hour oKless, 



34. A manufacturing method according to claim 33, wherein the step of lowering the 
temperature comprises decreasing the temperature from said second temperature to a third 
temperature, which is in the range of around 400 to 600 °C, at a rate of 3 °C/hour or less. 



35. A manufacturing method according to claim 34, wherein the step of lowering the 
temperature comprises decreasing the temperature from said third temperature to room 
temperature at a rate of 5 °C/hour or less. 
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36. A manufacturing method according to claim 33, wherein a single crystal of calcium 
fluoride with a diameter of 0 230 mm or greater, which can be used for the optical system for 
photolithography, can be obtained. 



37. A manufacturing methoaVaccording to Claim 36, wherein a single crystal of calcium 
fluoride with a difference in the refractive index, An, equal to 2 x 10" 6 or less can be obtained. 

38. A manufacturing method according to Claim 36, wherein a single crystal of calcium 
fluoride with a double refraction value\ in a direction of the axis of light, of 2 nm/cm or less can 
be obtained. 

39. A manufacturing method according© Claim 36, wherein a single crystal of calcium 
fluoride with a double refraction value, in thlp off-axis direction perpendicular to the axis of light, 
of 5 nm/cm or less can be obtained. 



40. A single crystal of calcium fluoride for photolithography having a wavelength of 200 nm 
or less, with a diameter of 0 230 mm or greater, wherein a double refraction value, in a direction 
of the axis of light, is 2 nm/cm or less. 



41 . A single crystal of calcium ffubride according to Claim 40, wherein the double refraction 
value in an off-axis direction perpendicularto the axis of light is 5 nm/cm or less. 
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